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Chronic wounds consist of a wide range of inflammatory and degenera-
tive conditions of the musculoskeletal system. Management of chronic, dif-
icult to heal, or non-healing soft tissue wounds requires a multidisciplinary
ach. Often these treatment options have inconsistent and irregular
outcomes. Poor response or failure to conservative treatments places a
substantial burden on patients, their families, the healthcare system, and
society in general. Therefore, the development of a new, effective method
of treatment to improve healing of problematic wounds and reduce treat-
ment-related costs is extremely valuable; ne such therapy is Extracorporeal
Shockwave Therapy (ESWT).

ESWT acts through mechanotransduction, which produces therapeutic
benefits through complex biological pathways including neovasculariza-
tion and tissue regeneration in the therapeutic target. Published data
thus far suggest that the application of ESWT for soft tissue indications
is safe, reliable, cost-effective, and clinically efficacious. The exact bio-
logical effects of ESWT on human cells are not completely understood,
but are currently undergoing further study.

The aim of this review is to provide a general overview of shockwave ther-
apy and its role in the treatment of acute and chronic soft tissue wounds.

urgical wounds are the most common w ounds in the world. World-
wide, more than 110 million sur gical incisions are made every year.

In approximately 80% of these cases,some form of closure product is
used, such as sutures, staples,and tapes.! Many promote hemostasis (blood
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clotting), and of cour se, the use of f abric bandages and
surgical dressings is almost universal. Traumatic wounds
occur at a rate of about 1.6 million cases each year, and
their complexity requires surgical intervention (multiple
debridements, skin grafts, skin flaps), especially in mili-
tary settings. According to the American Burn Associa-
tion, approximately 450,000 patients with burn injuries
seek help in emergency departments annually with more
than 40% of these burms involving the upper extremities.
Close to 5% of these injur ies are full-thickness, third de-
gree injuries.?

Occasionally, acute w ounds fail to advance through
normal physiological steps in a timely manner.The inabil-
ity of the healing pr ocess to progress leaves the wound
susceptible to infections and deterioration of the under-
lying tissue, which typically leads to fur ther morbidi-
ties*¢ and delayed healing. Chronic wounds are defined
as wounds that have not proceeded through orderly and
timely phases of tissue r epair in order to produce ana-
tomic and functional integrity within 3 months.”

A number of population-based factors inclading ad-
vanced age, obesity, diabetes mellitus, and ¥ enous and
arterial insufficiency, have led to an incr easing number
of patients with chronic wounds. Chronic wounds are
placing a great burden on patients, their families, society
in general, and the healthcar e system in par ticular. Five
to $10 billion is spent ann ually in the United States f or
the treatment of chronic wounds,® and in Eur ope, this
expenditure accounts for/nearly 2% of the healthcar e
budget.’ Disturbed wound healing may have different un-
derlying etiologies but generally has a similar appearance.
More than 80% of all'¢hronic wounds are attributable to
venous/arterial insufficiency, high blood pressure, infec-
tion, and dia betessmellitus:® Other contr ibuting factors
include poor nutritional status, immunosuppression, and
tobacco use. Most common chronic wounds involve the
lower extremity.'”

The primary goal of wound treatment and mana ge-
ment is durable wound closure and complete healing. In
acute wounds, standard of practice includes wound bed
preparation, surgical and enzymatic debr idement with
subsequent application of specialized dr essings to pro-
vide a moist environment, or surgical closure primarily
or with skin grafts or flaps depending on the nature and
extent of wounding.To accomplish the same goal of rapid
healing in chronic wounds, a multidisciplinary approach
is required including diabetes control, nutritional support,
wound care with modern dressings (eg, semipermeable
films, gels, hydrocolloids, and calcium alg inates), use of

antibiotics to treat infection, mechanical off-loading, com#
pression therapy for venous stasis and.lymphedema, and
targeted treatments that promote angiogeneésis and vas-
culogenesis. These therapies are time anddabor intensive
and costly particularly givensthe time (weeks to months)
it generally takes to achieve wound healing Therefore, the
need for new, safe, efficient.and cost-effective treatment
is clear and much research has.been dévoted to develop-
ment of such a wound therapy. Many adjunctive therapies
have been de veloped andimplemented in the car e of
acute and chronic wounds, including hyperbaric oxygen
therapy (HBOT), ultrasound,recombinant human platelet-
derived growth factor-BB’'(rPDGF-BB), negative pressure
wound therapy (NPWT); however, safety and efficacy of
these and other modalities have yet to be determined.

Wound healing is a w ell-coordinated, interconnected
sequence of biolog ical events on m ultiple levels—sys-
temic, cellular, and molecular. Wound healing involves a
broad variety of cells and e vents, which are interdepen-
dent with overlapping duration and the presence of cell-
to-cell signaling molecules within the traumatized tissue.
Re-establishment of a functional v asculature is the most
critical determinant of restored tissue structure during
wound healing,'" which largely occurs via angiogenesis,
specifically endothelial sprouting from the pr e-existing
local vasculature'?>'* and vasculogenesis, and de novo for-
mation of the small blood vessels.!>'¢

The fortuitous initial e xperimental observations by
Valchanov et al'” who discovered that ESWT activates os-
teoblasts and is associated with concomitant increase in
bone density and calcification led to the first clinical stud-
ies of therapeutic shockwave application for bone indica-
tions. Around the same time (1980s), evidence emerged
regarding the feasibility of ESWT to stim ulatate wound
healing. However, a rigorous, systematic research ap-
proach for investigation of the effects of ESWT on wound
healing and underl ying mechanism(s) of action began
only more recently.

Previous laboratory studies and initial clinical trials
have demonstrated that ESWT may be useful and effec-
tive through its stim ulation of n umerous endogenous
growth factors in animal models,'®-?! its enhanced recruit-
ment of endothelial pr ogenitor cells,?* and induction of
angiogenesis.??** Nitric oxide (NO), a potent v asodilata-
tion mediator, was greatly increased after the ESWT treat-
ment leading to impr oved tissue perfusion. One of the
mechanisms for long-term improvement of tissue perfu-
sion after ESWT has been sho wn in an ischemic flap us-
ing a rat model.*>?* Shockwave enhances NO production
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Figure 1. a) Pressure change over time during 1 shockwave. bw

through increased expression of NO synthase. The most
potent endogenous pro-angiogenic and vasculogenic fac-
tor, vascular endothelial growth factor (VEGF), is acutely,
induced®” after the shoc kwave, and VEGF receptors are
more highly expressed in targeted tissue.?*

In animal models, ESWT has been shown to produce
favorable molecular microenvironment/in the wound tis
sue, suppress early pro-inflammatory/cytokines and c he-
mokines, and enhance expression of several wound heal-
ing relevant genes'**': ELR-positive, CXC chemokines, CC
chemokines, and cytokines. Theyswere also able to dem-
onstrate enhanced earl y Jocal inflammatory responses
(high levels of macrophage-derived inflammatory protein
[MIP-10,, MIP-1B]) in the sham treated animals compared
to ESWT-treated grafts indicating.ah anti-inflammatory
mechanism of shoc kwaves. Furthermore, shockwaves
significantly reducedpinfiltration of leukocytes and mac-
rophages into théisograft. Studies have demonstrated at-

b4

, acute wounds fail to advance through
jological steps in a timely manner. The

e underlying tissue, which typically leads
further morbidities and delayed healing.

animal models, ESWT has been shown to produce
vorable molecular microenvironment in the wound
tissue, suppress early pro-inflammatory cytokines
and chemokines, and enhance expression of several
wound healing relevant genes: ELR-positive CXC
chemokines, CC chemokines, and cytokines.
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tenuated early local inflammatory responses (low levels
of macrophage-derived inflammatory protein [MIP-1a,
MIP-1b]) in grafts in ESWT treated animals indicating an
anti-inflammatory mechanism of shockwaves. '8

ESWT enhances cell proliferation, stimulates extracel-
lular matrix metabolism, decreases apoptosis?>*>* at the
local wound tissue level, and down-regulates oxygen-reg-
ulated burst of leukocytes and leukocyte infiltration into
the isograft.

Extracorporeal Shockwave Therapy
Extracorporeal shockwave therapy has been in use
since the 1980s primarily as a treatment for urinary stones
(lithotripsy). Shockwaves are defined as a sonic pulse
characterized by a high peak pr essure (500 bar), short
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Electrohydraulic generator Electromagnetic generator

Figure 2h. Focuse . defocused shock wave therapy.
F1: F point in the generator. S: Skin surface. F2: Fo-
us and depth of the energy transmitted via
the tissue). SW: Shockwaves.

lifecycle (10 ms), fast pressure rise (< 10 ns), a broad fre-
quencyspecttum (16 Hz-20 MHz), and the generation of
high, stress forces upon interfaces (Figure 1a).The physi-  Figure 3. Focused shockwave with focal point (F1) in the
cal energy of shoc kwaves is mec hanotransduced into = sparkplug of the electrohydraulic generator and focal
favorable biological effect on structures such as bones  point (F2) at defined distance within the tissue. Position-

and soft tissue with undeter mined mechanisms. Shock- N8 the opposing electrodes at the primary focus (F1) in
a parabolic reflector results in a planar wave, which is

wave energy, frequency of the g-enerated waves, number emitted after the reflection of the primary spherical wave.
of pulses, and the n umber and interval of re-treatments  The focal point (F2) of these plane waves is at an endless
are crucial characteristics of treatment description, and = distance from F1.

are imperative for comparing the different ESWT studies

Vol. 23, No. 7 July 2011 207



Antonic et al

Table 2. ESWT indications according to the International Society for Medical Shockwave Treatment.‘

Approved standard indications

Common empirically tested clinical uses

XN\
g

Exceptional/expert s and

experimental

Chronic Tendinopathy
Plantar fasciitis*
Achilles tendon
Tennis elbow
Rotator cuff*
Patellar tendon
Greater trochanter

Chronic Tendinopathy

Adductor syndrome

Ulnar epicondylopathy

Pes anserinus syndrome
Peroneal tendon syndrome

Exceptional/Expert
Spasticity
Early stage OD (pre-
sKeletal'maturity)
Osgood-Schlatter’s Disease
Peyronie’s Disease

Impaired bone healing
Delayed bone healing
Non-unions*
Stress fracture
Early stage AVN
Early stage OD (post-maturity)

healing
Myofascial syndrome

Muscular pathology and impaired soft ti

Muscle injury w/o discontinuit

Impaired wound healing/burEs

eral nerve lesions
Abacterial prostatitis
Periodontal disease
Osteoarthritis

Urologic lithotripsy Salivary stones

and standardizing shockwave treatment for various indi
cations.The acoustic pressure wave can be generated by
a variety of physical principles that impact.these tr eat-
ment parameters (Table 1). Figure 1b represents the spec-
trum of energy generated by ESWT according to clinical
indication—soft tissue, bone, and kidney stones. As the
energy increases the biological effects switch from regen-
eration to destruction. Energy flux,density for soft tissue
indications is typically in the range of 0.08-0.25 mJ/mm?.
Focused, high-energy ESWT is utilized for delayed union
and non-union of fractures, as well as lithotripsy; however,
defocused, low-energy shockwaves are applied for soft
tissue indications.

Shockwaves for use in'medicine can be g enerated us-
ing different physicalyprinciples: electrohydraulic, elec-
tromagnetic, piezeclectric, and r adial (Figure 2a). It is
important to note that electromagnetic and piezoelectric
sources-only produce a typical shoc kwave in the f ocal
ared, whereas)electrohydraulic systems produce shock-
waves outside of the focal area as well. Figure 2b shows
the differences/in the acoustic pressure waves produced
between electrohydraulic and radial shockwave sources.

Electrohydraulic. The original method of shoc k-
wave generation (used in the Dornier HM3) was electro-
hydraulic, meaning that the shoc kwave is produced via
spark-gap technology. Electrohydraulic (Spark Gap) sys-
tems incorporate an electrode (spark plug) submer ged
in a water-filled housing comprised of an ellipsoid and
a patient interface. The electrohydraulic generator initi-
ates the shockwave by an electrical spark produced be-
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Cellulitis

tween the tips of the electr ode (Figure 3). Vaporization
of the water molecules between the tips of the electrode
produces an explosion, thus creating a spherical shock-
wave. The shockwave is then r eflected from the inside
wall of a metal ellipsoid to cr eate a focal point of shock-
wave energy in the target tissue.

Electromagnetic. Electromagnetic systems utilize an
electromagnetic coil and an opposing metal membmne. A
high current pulse is released through the coil to gener-
ate a strong magnetic field, which induces a high current
in the opposing membr ane. The magnetic field, in turn,
induces a high current in the opposing membmne and ac-
celerates the metal membrane away from the coil. These
electromagnetic forces induce a slo w and low acousti-
cal pulse that is focused by an acoustic lens to direct the
shockwave energy to the target tissue.

Piezoelectric. The piezoelectric effect produces me-
chanical stress via application of electricity. Piezoelectric
ceramics or crystals,set in a water-filled container, are stim-
ulated via high-frequency electrical pulses.The alternating
stress/strain changes in the mater ial create ultrasonic vi-
brations resulting in the production of a shockwave.

Radial. While focused ESWT is used to produce effects
in deeper tissue and deliver higher density flux of energy
to the tissue and can be used mther for destruction (0.15-
0.6 mJ/mm?), ie, urinary stone lithotr ipsy, shockwaves
indicated for soft tissue application ar e utilized for treat-
ment of larger areas and delivery of lower energy density
flux (0.08-0.25 mJ/mm?). In wound care, typically a larger
surface area is necessary to achieve energy transfer via the
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Author Study Indication Outcome
Type type | (m)/
mm?)
Dumfarth | 2008| Prospec- Prophylactic | 100 | EH 0.1 ASEPSIS score;
tive, low-energy wound infectio
randomized| ESWT after
trial vein harvest-
ing
Saggini 2008| Compara- | Chronic 40 |EH 0.037 vexudate, - POS
tive, case- | wounds sgranulation,
control ywound size
study
Larkin 2010| Prospec- | Chronic 9 EH 1 Complete healing | All static All static POS
tive, wounds; chronic chronic
randomized| decubitus ulcers ulcers
cross-over | ulcer showed showed
trial improved improved
healing healing
Moretti 2009| Prospec- | Chronic 30 |E .03 | Complete healing | 55% 33% POS
tive, 60.8+4.7 |(2.2+4.7
randomized days days
trial ule
I
Wang 2011| Prospec- EH - Complete healing; | 57%; 25%; POS
tive, improved healing; | 32%; 15%;
randomized | diabetic foot no change in 11% 60%
i wound
Wang hronic 34 |EH 0.11 | Complete healing; | 31%; 22%; POS
wounds; no change in 11% 28%
diabetic foot wound
ulcer
Prospec- Chronic 206 | PACE | -- Reduction in 56%; 7%; POS
tive, wounds; wound size at 12 | 45% 26%
randomized| diabetic foot weeks;
trial ulcer wound closure >
90%
waden 2007| Prospective | Complex 208 | EH 0.1 Complete healing | 75% - POS
feasibility | acute and
trial chronic
wounds
Vol. 23, No. 7 July 2011 209
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Author Study Indication Outcome
Type type | (m)/
mm?)
Arno 2010| Prospective | Acute 15 |EH 0.15 | Complete healing, | 80% healed, | - POS
feasibility | wounds, tissue perfusion ) sion
trial < 5% TBSA
full- or
partial-
thickness
burns
Ottomann | 2010| Prospec- Acute 28 |EH 0.1 13.9+2.0 |16.7+2.0| POS
tive, wounds, days days
randomized| skin graft
trial donor sites
Ottomann | 2011| Prospec- | Acute 50 |EH Time to complete | 9.6 + 1.7 12.5+2.2| POS
tive, wounds, helialization days days
randomized| superficial
trial second de-
gree burns

shockwave therapy,and the head hasa‘parabolic instead‘of
an ellipsoid reflector. Positioning the opposing electrodes
at the primary focus (F1) in a parabelic reflector will result
in a planar wave, which is emitted after the reflection of
the primary spherical wave. The focal point (F2) of these
plane waves is, by definition, “unfocused” or “radial” The
parabolic reflector allows the plane w aves to be nearl y
parallel. The energy’density realizedby this reflector con-
figuration is higher than with an exact parabolic reflector,
and the acousticalfieldistimulates a larger area.

Over the last 15y ears, ESWT has emer ged as a non-
invasive, safe, clinically efficacious, and cost-ef fective
treatment.option. ESWT has been approved, is commonly
used, or has'been in various phases of experimental test-
ing for more than 25 indications (Table 2).

evPomis”

ock waves for use in medicine can be generated
ng different physical principles: electrohydraulic,
electromagnetic, piezoelectric, and radial.

o Flectromagnetic and piezoelectric sources only pro-
duce a typical shockwave in the focal area, where-
as electrohydraulic systems produce shockwaves
outside of the focal area as well.
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An overview of recently published literature of com-
mon empirically tested clinical uses of ESWT for soft tis-
sue indications is shown in Table 3.

Studies of ESWT for Acute Soft Tissue
Indications

The safety and f easibility of def ocused, low-energy
ESWT for soft tissue indications w as reported in 2007.%
More than 200 patients were prospectively enrolled into
a feasibility trial consisting of complicated, non-healing,
acute and c¢ hronic soft tissue w ounds. According to
wound size, every 1 to 2 weeks (over mean 3 shockwave
treatments) 100 shocks/cm? at 0.1 mJ/mm? were applied
as an adjunct to standar d practice consisting of debride-
ment and moist dr essings, which patients tolerated well
in an outpatient tr eatment setting. Of 208 patients, 75%
reached 100% epithelialization, and during 44 days of fol-
low up showed no treatment-related toxicity, infection, or
wound deterioration in any ESWT-treated wound.

In 2008, a group from Vienna*® evaluated the prophy-
lactic potential of ESWT in patients undergoing coronary
artery bypass graft surgery. One hundred patients were
randomly assigned to one of tw o groups: control (re-
ceived institutional standard of care; n = 50) and ESWT
group that received a total of 25 impulses (energy flux
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density of 0.1 mJ/mm ?; 5 Hz) per centimeter of saphe -
nous vein graft donor site w ound length, after sur gical
wound closure under sterile conditions. There were no
ESWT-associated adverse events.ASEPSIS score (Addition-
al treatment, presence of Serous discharge, Erythema, Pu-
rulent exudate, Separation of the deep tissue, Isolation of
bacteria, and duration of inpatient Stay) was significantly
higher (P = 0.0001) in the contr ol group suggesting sig-
nificant improvement in the ESWT-treated group (4.4 +
5.3 versus 11.6 + 8.3). In this study, a higher incidence

of wound healing disorders necessitating antibiotic treat-
ment was observed in the control group (22%) compared
to the ESWT group (4%; P = 0.015). This finding is con-
sistent with reported bactericidal/bacteriostatic effect of
ESWT?-% and supports the utility of ESWT as a pr even-
tive treatment option for saphenous vein harvest wound
sites in the setting of coronary graft surgery.

In 2010, Ottoman et al ¥ suggested that a single ap/-
plication of ESWT immediately after split-thickness skin
graft harvest accelerates donor site epithelializationThey
evaluated the effects of ESWT on donor site healing in 28
patients with traumatic wounds and burns that required
skin grafting. Patients were randomly assigned to receive
standard topical ther apy (nonadherent, silicone mesh
[Mepitel®, MOlnlycke Health Care, Norcross, GA] and an-
tiseptic gel [polyhexanide/octenidine]), to g raft donor
sites with (n = 13) or without (n = 15) def » ocused, low
energy ESWT (100 impulses/cm?at 0.1 mJ/mm?) applied
once to the donor site immediately after skin harvest. In-
dependent blinded obsetrvers determined the pr imary
endpoint, which wasstime to complete epithelialization.
The ESWT-treated group had assignificantly (£ = 0.0001)
shorter time to completeéwepithelialization (13.9 + 2.0
days) comparedstoncontrols, which received only stan-
dard dressings (16,7 + 2.0 days).

The effects of ESW in.a severe full-thickness burn in-
jury was-also investigated in an animal model showing ES-
WTrelated attenuation of both CC- and CXC-c hemokine
expression, acute pro-inflammatory cytokine expression,
and extracellular matrix proteolytic activity at the bur n
woundymargin.'® In the wound area, excessive inflamma-
tory.responses involving increased levels of inflammatory
cells, pro-inflammatory cytokines, and proteases may be
attenuated with ESWT allo wing wound healing to prog-
ress by way of normal physiological repair processes.'”

In 2010, the results of a clinical trial evaluating the ef-
fects of ESWT on deep partial- and full-thickness burns
in 15 patients with < 5% of total body surface area burns
were published. Arno et al*? evaluated burn area perfu-

sion with Laser Doppler Imaging system and reported
that all burns had significantly increased perfusion after
ESWT treatment. The authors also reportedithat in less
than 3 weeks 80% healed completely, 15% required sur-
gical debridement, and 5% déveloped hypertrophic scar-
ring. Their findings suggest that ESWT may decrease the
need for surgical intervention and associated morbidities
in patients with se vérely deep, par tial- or full-thic kness
burns.

Together with these findings, and given its proven clin-
ical success, ESWT was further studied in a pr ospective
Phase 1II clinical ttial of 50 patients with second deg ree
burns randomly assigned'to standar d burn wound care
with orwithout ESWT fr om December 2006 to Decem -
ber 2007.2The control group received burn wound de-
bridement/topical antiseptic ther apy. The intervention
group, in addition to the same standar d therapy, also re-
ceived low energy, defocused ESWT (100 impulses/cm?
at, 0.1 mJ/mm?2, ~20 seconds/cm ?) applied as a single
treatment within 24 hour s of superficial second degree
burn wound debridement.The primary endpoint, time to
complete burn wound epithelialization, was determined
by an independent, blinded observer. Mean time to com-
plete burn wound epithelialization in the ESWT-treated
group was significantly (P < 0.0005) shorter than in con-
trols, 9.6 + 1.7 versus 12.5 + 2.2 days, respectively.

Studies of ESWT for Chronic Soft Tissue
Indications

In 2008, Saggini et al** conducted a preliminary study
to investigate the feasibility of ESWT in the tr eatment of
lower extremity chronic ulcers.They enrolled 40 consec-
utive patients (30 assigned to r eceive ESWT in addition
to conservative dressings and 10 as control group treated
with standard dressings only).A total of 32 wounds were
treated with ESWT and 16 healed during the 6 treatment
period. The other 50% that did not heal sho wed signif-
icant decrease of wound size, and amount of e xudates
associated with ESWT. Formation of granulation tissue
was also significantly more abundant in the shoc kwave-
treated group compared with controls. Relative to con-
trols, ESWT was associated with significantly (P = 0.001)
decreased pain, which is consistent with the findings of
others. %

Among the most serious complications of diabetes is a
chronic ulcer that can lead to limb amputation Following
the finding that ESWT increases local tissue perfusion and
improves angiogenesis, Moretti et al“ conducted a pr o-
spective, randomized, controlled study with 30 patients
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affected by neurotrophic diabetic foot ulcers. Patients
were randomly assigned to receive either standard of care
(debridement, off-loading, and treatment of infection) or
standard of care plus ESWT. Healing w as evaluated by
measuring the rate of epithelialization during a 20-week
study period. Complete wound healing was observed in
53% of shockwave-treated patients compared to 33% in
patients treated with standard of care alone.Time to com-
plete healing was also significantly improved in the ESWT
group (61 vs. 82 days; P = 0.001).

In a double-blinded, randomized, crossover study, Lar-
kin et al” measured the healing rate of static, chronic ul-
cers in 8 patients with ¢ hronic neurological conditions
and chronic decubitus ulceration after ESWT treatment.
Of 9 ulcers included in the study, 5 were on the buttocks,
sacrum, and trochanter,and 4 were on the distal extremity.
Patients were randomly assigned to receive ESWT or pla-
cebo treatment for 4 weeks.After this 4-week period and‘a
2-week washout period, study crossover to the other treat-
ment ensued. Interestingly, regardless of which group they
belonged to (initial tr eatment group oOr Cross-over treat-
ment group) all 9 ulcers showed significant improvement
(average of 3 measurements of ulceration were recorded)
at 6-8 weeks after the initial shockwave'treatment.

Therapeutic wound oxygenation’ improves wound
healing and prevents infection as shown in animal mod-
els and in clinical trials.’ It is commonly used as an ad-
junct to the tr eatment of c hronic, diabetic foot ulcers
applied either topically or through hyperbaric cham-
bers.-5! Hyperbaric oxygen therapy (HBOT) is applied
for 60-120 min, 5 times per w eek for a total of 10-30
treatments. Wang et al?? reported.that ESWT appeared to
be more effective than HBOT. Seventy-two patients with
72 chronic diabeticrfootrulcers were enrolled and ran-
domly divided inte two groups: 34 patients with 36 ulcers
in the ESWT group and 36 patients with 36 ulcers in the
HBOT group. The ESWT group received 300 + 100/cm?
impulses of shockwave at 0.11 mJ/cm? energy flux den-
sity every 2 weeks for a total of 6 weeks, whereas patients
inthe HBOT group received HBOT daily for 20 tr eat-
ments. Qutcome variables included clinical assessment of
the ulcers with photo documentation, blood flow perfu-
sion scan, bacteriological examination, histological study,
and immunohistochemical analysis. In the ESWT g roup,
31% completely healed, 58% of w ounds improved, and
11% remained unchanged versus 22% completely healed,
50% improved, and 28% unchanged in the HBOT group.
Improved local perfusion and incr eased cell concentra-
tion and activity were shown in the ESWT group. On a
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tissue level, the ESWT group demonstrated significant
increases in endothelial nitric oxideysynthase, vessel€n-
dothelial growth factors, proliferation of cell nuclear anti-
gen expression, and a decrease.in transfefence-mediated
digoxigenin-deoxy-UTP nick end-labeling expression.
The same authors repeated the evaluation in 2011.>The
ESWT group consisted of 39 patients with total of 44
chronic diabetic foot‘ulcers ' while the/HBOT group con-
sisted of 38 patients and 40 foot ulcers.The ESWT group
received shockwave therapy twice per week for a total of
six treatments, and the HBOT group received hyperbaric
oxygen therapy daily for a total 20 tr eatments. Clinical
results showed completely healed ulcers in 57% and 25%
(P = 0.003); 2/50% improved ulcers in 32% and 15% (P =
0.071); unchanged ulcers in 11% and 60% @ < 0.001) and
none, worsened, for the ESWT and the HBO T group, re-
spectively. Another interesting observation was that even
though prior to study-based treatment levels of oxygen-
ation were comparable, oxygenation levels were signifi-
cantly higher after shoc kwave therapy than after HBOT
(P = 0.002). On a tissue level, previous results showing
increases in cell proliferation and decreases in cell apop-
tosis in the ESWT group as compared to the HBOT group
were confirmed. The authors concluded that in chronic
diabetic foot ulcers ESWT demonstrated better results
than HBOT through significant improvement in b lood
flow perfusion rate and cell activity leading to better heal
ing of the ulcers relative to HBOT.

Sanuwave, Inc. recently announced results of their piv-
otal Phase III clinical trial comparing the dermaPACE™ de-
vice (Sanuwave, Inc., Alpharetta, GA) to sham control for
treatment of diabetic foot ulcers.>* Both groups received
the standard of care according to the cur rent literature
combined with active (dermaPACE group) or inactiv e
treatment (sham group).A total of 206 patients w ere en-
rolled in a doub le blinded, parallel-group sham control,
26-week clinical trial and were randomly assigned to one
of the two study groups. Although the treatment group
failed to meet its pr imary outcome, treatment with der-
maPACE increased the proportion of diabetic foot ulcers
that closed within 12 w eeks by 36%, which was not a
statistically significant result. Statistical significance was
achieved at 12 w eeks when 45% of de vice-treated and
26% of sham-treated patients had > 90% wound closure.
At the 12-w eek time point, 66% of de vice-treated and
47% of sham-treated patients had > 70% wound closure.
Throughout the entire 12-week period patients in the de-
vice treated group had reduced wound size compared to
sham-treated patients (P = 0.0038 at week 6, P = 0.0018
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KEYPOINTS

e Current literature supports ESWT treatment modal-
ity due to its efficacy, reproducibility, and virtually
no adverse events.

e Negative effects of chronic inflammation are sup-
pressed after the treatment leading to improved
wound healing, improved tissue perfusion, and in-
creased blood vessel formation.

e Difficult to heal and chronic wounds show signifi-
cant improvement after the treatment with a low
rate of wound recurrence.

at week 8, P = 0.0007 at week 10,and P = 0.0041 at week
12).At the 12-week time point, the average percent reduc-
tion in the target ulcer in patients treated with dermaPACE
was 56% compared to only 7% in the patientsrandomized
to receive sham treatment. During the 6-month follow up
period, only 4.5% of the patients whose wounds closed at
the 12-week time point returned due to recurrence.

Conclusion

ESWT for the treatment of urinary stones and orthope-
dic indications has been tested and shown to/be effective.
These shockwaves use high energy to destroy the urinary
stones or tissue.The primary goal in the treatment of soft
tissue wounds is to produce beneficial stimuli in the tis-
sue, which stimulate and support’ tissue repair and re-
generation. In contrast to the focused ESWT; shockwaves
for the treatment of acute andseshronic wounds are un-
focused with low energy/flux densities. Mechanism of
transduction of mechanical force (shockwaves) into the
complex biological response remains unknown, but po-
tential targets are indentified and further research of this
promising technology is imperative.

Current literaturepsupports this tr eatment modality
due to its efficacy;seproducibility, and virtually no adverse
effects. Negative effects of chronic inflammation are sup-
pressed-after the tr eatment leading to impr oved wound
healing, improved tissue perfusion, and increased blood
vessel formation. Difficult to heal and chronic wounds
show significant improvement after the treatment with
a low rate of'wound recurrence. Treatment is clinically
effective, non-invasive (no morbidities related to surgery),
is well tolerated by patients, does not require anesthesia,
and jis cost-effective and easy to appl y on an outpatient
basis.
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